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Differentiated hepatocytes are known for their capacity to regenerate the adult liver. Two papers discussed
here show that distinct subpopulations of adult hepatocytes may be the crucial populations underpinning
such regeneration.The mammalian liver is capable of rapid
regeneration after injury or partial removal
(hepatectomy), a feature that enables hu-
man live organ donor transplantation.
Remarkably, two livers can be produced
from one donor within weeks that are fully
competent in metabolic function, drug
detoxification, protein production, and
bile secretion. These different liver func-
tions are geographically arranged across
the basic architectural unit: the lobule
(Figure 1). Two recent publications
address, in the mouse, which cells supply
hepatocytes in homeostasis, which oc-
curs over several months, and which cells
supply hepatocytes in response to injury,
where regeneration is much quicker.
First, Wang and colleagues investigate
homeostatic hepatocyte replacement
(Wang et al., 2015). Here, they use lineage
tracing of Axin2, amarker ofWnt signaling
pathway activation. This approach identi-
fied a small population of hepatocytes
spatially restricted to those directly adja-
cent to the central vein in adult mice. In
health, these Axin2+ cells were lineage
traced and expanded radially from the
central vein to replace 40% of hepato-
cytes across the liver lobule. The founding
Axin2+ hepatocytes, which express the
transcription factor Tbx, proliferate while
being maintained adjacent to the central
vein for at least 1 year of health. Daughter
hepatocytes spread deeper into the
lobule, but not across it, and develop
appropriate lobular markers while losing
markers of Wnt signal reception. The pu-
tative vascular niche was shown to pro-
duce Wnt ligands, whose endothelial-
specific knockdown led to reduced
Axin2 expression by the pericentral hepa-
tocytes and slowed their proliferation.
Following from these results, an intriguingquestion is whether these Axin2-labeled
hepatocytes are intrinsically more ‘‘stem
cell-like’’ than other hepatocytes or
whether the niche itself is the dominant
actor controlling their behavior. Further-
more, the extensive amount of active cell
birth observed from proliferating Axin2+
hepatocytes would require an equally
active cell death to achieve homeostasis,
the liver’s forte; otherwise, the liver would
grow in size. In the normal liver this
degree of cell death has not been fully
recognized.
In a second report, Font-Burgada et al.
(2015) examined the so-called ‘‘Hybrid
Periportal Hepatocytes (HybHP)’’ at the
opposite end of the lobule in health
and disease. HybHPs lie adjacent to the
portal veins and in the terminal branches
of the biliary tree. These HybHPs express
hepatocyte markers together with low
levels of Sox9, which is also expressed
by adjacent biliary ductules. Superficially
HybHPs seem to share common features
with the slow-cycling peri-biliary cells
described in paracetamol injury (Kuwa-
hara et al., 2008), and/or they could derive
from remnants of the ductal plate (Car-
pentier et al., 2011). Employing lineage
tracing using Sox9 targeting of HybHPs,
the authors show over time increasingly
large budding patches of lineage-traced
hepatocytes in physiological liver turnover
and in response to a variety of injury
models. HybHPs also repopulate recip-
ient liver in a transplantation model. Up
to two-thirds of the liver parenchyma
was replaced by this population, from
the initial population of less than 5%,
following repeated pericentral (Carbon
tetrachloride, or CCl4) or global (MUP-
uPA) injury. To exclude lineage tracing
from Sox9-expressing biliary ductules, aCell Stem Cell 1Cre/FLP dual reporter (NZG) construct
was used and activated by an adenoviral
vector, thus restricting GFP labeling
to Sox9-expressing hepatocytes. How-
ever, much of the work investigating the
response to injury was performed using
an R26R-YFP reporter rather than this
more selective NZG reporter. Stochastic
lineage tracing of random hepatocytes
(using a transthyretin [TTR] promoter)
gave clonal patches of hepatocytes with
periportal association, similar to those ob-
servations made in human liver (Fellous
et al., 2009). Given the strong association
with chronic regenerative stress on the
developmentofHepatocellularCarcinoma
(HCC), the authors also explored the role
of HybHPs in carcinogenesis in multiple
HCC models. They found little to no role
for these cells in HCC development,
despite evidence of regeneration of the
surrounding parenchyma in each model.
It is notable that the 0.5% of labeled
cells ascribed to Cre leakiness in the
absence of tamoxifen by this newly
founded Sox9-CreERTstrain were not
ductular cells (Font-Burgada et al.,
2015). Nonetheless, the use of hepato-
cyte-specific labeling using NGZ helps
reconcile previous discrepancies ob-
served with Sox9 labeling (reviewed in
Miyajima et al., 2014). Taken together
these two recent reports show that during
health distinct yet defined self-renewing
hepatocyte populations are capable of
significant liver parenchymal repopula-
tion. Where the dividing line lies between
the progeny of periportal and pericentral
hepatocytes in health remains unclear
and previous reports using H3-thymidine
had suggested little zonal domination dur-
ing homeostatic liver maintenance (Mag-
ami et al., 2002).7, October 1, 2015 ª2015 Elsevier Inc. 377
Figure 1. Regeneration of the Hepatic Lobule from Both Periportal and Pericentral Sources
This diagram depicts the liver lobule from the periportal area, containing Sox9+ HybHPs around the portal
vein and biliary tree, to the pericentral area, where Axin2+ hepatocytes surround the central vein. The
contribution to hepatocellular regeneration by each population is shown in both homeostasis and injury;
dashed arrows represent areas of uncertainty.
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increasing role in liver regeneration
following injury, the role of pericentral he-
patocytes in disease was not tested
here. Notably the greatest regeneration
by periportal HybHPs is seen when injury
is focused repeatedly at the pericentral
area using CCl4. As the site of injury is
crucial in determining the site of regenera-
tion, it will be interesting to observe the
role of these populations in the setting of
partial hepatectomy, which is the para-
digmmodel of liver regeneration and addi-
tionally poses no zonal injury. In thismodel
essentially all hepatocytes throughout the
lobule enter the cell cycle, yet do so in a
zonal fashion with a wave of regeneration
spreading across the lobule from peripor-
tal hepatocytes. Redundancy in faculta-
tive regenerative sources, beyond that
seen in other organs (Donati and Watt,
2015), has developed within the liver.
Opposing sides of the lobulemaymutually378 Cell Stem Cell 17, October 1, 2015 ª201support liver regeneration in the faceof the
diverse toxic insults faced by the liver
(Figure 1). Pan-lobular repopulation was
demonstrated by HybHPs repopulating
the pericentral (Glutamine Synthetase+)
hepatocytes. Whether the reverse is true
remains to be established. It will also be
important to address whether midlobular
hepatocytes are similarly capable of
such regenerative feats, given the right
signals. Their ready proliferation following
partial hepatectomy or growth factor
administration suggests that they may,
but this requires dedicated lineage tracing
to prove or disprove. To add to this abun-
dance of regenerative sources, the biliary
ductules also appear capable of hepato-
cyte regeneration following severe liver
injury when hepatocyte senescence de-
velops (Lu et al., 2015; Michalopoulos
and Khan, 2015).
In summary the current studies defining
sources of liver regeneration in health and5 Elsevier Inc.disease and the methodologies to track
them in vivo offer a significant step for-
ward. Important future studies should
address the roles these cells play in the
clinically relevant scenario of severe liver
injury. Furthermore, a functional descrip-
tion of the various cell niches may also
help to refine in vitro hepatocyte culture
techniques with the goal of expansion
in vitro without de-differentiation. Ad-
dressing these questions will help us put
these cells to work for clinical benefit.REFERENCES
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